IMPORTANCE Accumulating evidence suggests that bariatric surgery improves survival among patients with severe obesity, but research among veterans has shown no evidence of benefit.
Bariatric surgery was associated with 29% lower allcause mortality relative to a matched usual care control group (hazard ratio [HR] , 0.71 [95% CI, 0.54-0.92]; P = .01) in 4047 patients followed for an average of 10.9 years in the prospective Swedish Obese Subjects (SOS) study. 6 A retrospective cohort study in Utah of 7925 patients receiving Roux-en-Y gastric bypass and 7925 matched controls with 7.1 years of follow-up suggested a 40% reduction in all-cause mortality (HR, 0.60 [95% CI, 0.45-0.67]; P < .001). 7 A large retrospective cohort study involving 66 109 obese patients from Washington state (3328 had bariatric surgery) reported 33% lower all-cause mortality at 15 years of follow-up (HR, 0.67 [95% CI, 0.54-0.85]). 8 These studies examined lower-risk, predominantly female cohorts, but the long-term outcomes of bariatric patients with substantial comorbid disease are not known. A retrospective cohort study among veterans examined outcomes of 847 higher-risk, predominantly male patients who had surgery in 2000-2006 and 847 matched control patients and did not find that bariatric surgery was associated with lower mortality. 9 This finding differed from the existing literature at the time. 10 These findings deserved further examination for 2 reasons. First, the perioperative morbidity and mortality of bariatric surgery have progressively declined over time.
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Second, we hypothesized that longer follow-up and a larger sample size of patients might yield findings similar to prior reports, given that it took 10 years to observe a significant relationship between bariatric surgery and survival in the SOS study. 6 
Methods

Study Design and Study Population
The institutional review board provided waiver of participant consent. This was a retrospective cohort study of Veterans Affairs (VA) patients receiving bariatric surgery and a matched cohort of VA patients who were severely obese. This study was approved by the Surgical Quality Data Use Group of the VA Office of Patient Care Services and the institutional review boards of the Durham, North Texas, and Pittsburgh VA medical centers, and the Group Health Research Institute.
Using high-quality VA Surgical Quality Improvement Program data collected by trained surgical clinical nurses using a standardized abstraction form, 12 we identified all veterans who underwent any bariatric surgical procedure in any VA medical center from January 1, 2000, through September 30, 2011 (eFigure 1 in the Supplement). Bariatric patients were excluded if their records were missing body mass index (BMI, calculated as weight in kilograms divided by height in meters squared) or they had a BMI lower than 35. Furthermore, patients were excluded if their records had no valid bariatric procedure code or if they had a baseline diagnosis considered a medical exclusion for surgery (ie, recent cancer, Crohn disease, end-stage renal disease, pregnancy, or ascites), a presurgical stay longer than 5 days, or no inpatient stay recorded at date of surgery.
To identify potential matches for the patients in the surgical cohort, we used sequential stratification matching 13 or "risk-set matching" 14, 15 because eligibility for surgical treatment was dependent upon time-varying characteristics (eg, BMI). Sequential stratification enables matching of treated to untreated (control) patients in longitudinal studies in which control patients have multiple potential index dates (eg, any BMI ≥35 observed in the data) and changing comorbid health condition incidence and severity. These timevarying covariates affect both the likelihood of receiving surgery at any given time and the probability of death, so properly accounting for them in the matching procedure is important to minimize bias. Following methods described previously, 13, 15 we organized the data to resemble a sequential series of randomized trials, with n = 1 surgical patient for each of the trials. The trial "start date" was each patient's date of surgery. For each surgical patient, we created a group of potential matches composed of severely obese patients (627 547 potential matches) who had not yet undergone bariatric surgery but had characteristics considered the most relevant to surgical eligibility and long-term outcomes. The characteristics used in identifying potential matches included sex, diabetes diagnosis (yes/no), race (white/other/unknown race), VA region, BMI in categories (<40, ≥40-<50, ≥50) measured within 6 months prior to the surgery date, and age within 5 years of the surgical patient's age. For each surgical patient, a Mahalanobis distance function was then used to identify the closest matches with respect to age, BMI, and Diagnostic Cost Group (DCG) score within the group of potential matches. The DCG score aggregates inpatient and outpatient diagnoses in the year prior to baseline. A patient with a DCG score of 1.0 has health expenditures that are equal to those of the average Medicare patient; a score higher than 1.0 implies above-average expected expenditures; and a score lower than 1.0 implies below-average expected expenditures. In prior research, DCG scores were highly predictive of mortality 16 and expenditures 17 in bariatric surgery.
Up to 3 matches were selected for each surgical patient based on the smallest caliper 18 that preserved covariate balance while minimizing the loss of surgical patients due to a lack of comparable matches. Potential matches often had many BMI measurements over the study period, so each could match to more than 1 surgical patient. The matching process was not contingent upon future information, so control patients who underwent bariatric surgery at a later date could contribute person-time to the control group in models until they underwent bariatric surgery. We obtained surgical data only through September 30, 2011, so we were unable to censor any matched controls who potentially went on to have bariatric surgery after this date. 
Mortality Outcome
Statistical Analysis
Covariate balance between the surgical patients and matched control patients was evaluated using standardized differences, which are insensitive to sample size. 20 Standardized differences less than 10% indicate reasonable covariate balance. 21 The association between bariatric surgery and allcause mortality was examined in the matched cohorts using Kaplan-Meier estimators. All-cause mortality was then compared between surgical and matched control patients using a Cox model analysis adjusted for additional baseline covariates (specified below). The model was stratified by matched group, and a robust sandwich variance estimator 22 was used to account for the fact that the same individual could have been matched to multiple surgical patients. Inspection of log (−log[survival]) curves found that the proportional hazards assumption was violated, so follow-up time was split into 3 intervals: 1 year or less, more than 1 year to 5 years, and more than 5 years. 23 We adjusted for several baseline covariates in these models, including age, BMI (continuous), DCG score, marital status (married/not married), free VA care due to disability (yes/no), and free VA care due to low income (yes/no). We also adjusted for the presence of comorbidities at baseline not used in sequential stratification matching, including hypertension, dyslipidemia, arthritis, depression, coronary artery disease, gastroesophageal reflux disease, asthma, fatty liver disease, posttraumatic stress disorder, alcohol abuse, substance abuse, and schizophrenia (identified using International Classification of Diseases, Ninth Revision [ICD-9] codes observed in the year prior to the surgical date).
We then conducted prespecified analyses of statistical effect modification by sex and diabetes diagnosis, because research suggests that survival benefits may differ by sex [24] [25] [26] [27] [28] and baseline diabetes status. [25] [26] [27] [28] We conducted prespecified analy- We used the year 2006 as the basis for stratification because it was the midpoint of the study period, it was the year that the VA introduced a comprehensive weight management program (MOVE! Weight Management Program) that provided programmatic guidance on patient selection as well as preoperative management to all VA bariatric programs, and because the VA Bariatric Surgery Workgroup issued a comprehensive directive for pre-and postoperative patient care in the VA's bariatric centers in September 2005. 29, 30 We also conducted post hoc statistical effect modification by super obesity (BMI <50 vs BMI ≥50) via interaction terms. The a priori level of statistical significance was set at a 2-sided P of .05 for all analyses, which were performed using SAS (SAS Institute), version 9.2.
Results
Patient Characteristics in the Matched Cohorts
We identified 2752 patients who underwent any bariatric surgical procedure in VA bariatric centers from January 1, 2000, to September 30, 2011 (eFigure 1 in the Supplement). We excluded patients if their records were missing BMI data at time of surgery (n = 32) or had no valid bariatric surgery procedure code (n = 40), or if the patient never had a BMI above 35 (n = 15), preoperative medical exclusions (n = 120), a presurgical stay longer than 5 days (n = 24), or no inpatient stay record at date of surgery (n = 9). A total of 12 surgical patients were excluded because we were unable to find an appropriate matched control patient, resulting in a final surgical cohort of 2500 patients. After completing the matching process, the final control cohort included 7115 individual patients representing 7462 matches. Among these, 149 control patients (representing 161 matches) went on to have surgery, and their follow-up time as a matched control was censored at their date of surgery.
The cohorts of surgical patients (n = 2500) and control patients (n = 7462) were similar in all observed characteristics on which they were matched and most other covariates on which they were not matched ( Table 1) . Surgical patients had a mean age of 52 years, a mean BMI of 47, and a mean DCG score of 0.89. Matched control patients had mean age of 53 years, a mean BMI of 46, and a mean DCG score of 0.82. The majority of surgical patients and matched controls were men (74%), were white (81%), and had diagnosed diabetes (55%).
Based on standardized differences higher than 10%, several comorbidities were more prevalent among surgical patients, including hypertension (80% for surgical patients vs 70% for matched control patients), dyslipidemia (61% for surgical patients vs 52% for matched control patients), arthritis (27% for surgical patients vs 15% for matched control patients), depression (44% for surgical patients vs 32% for matched control patients), gastroesophageal reflux disease (35% for surgical patients vs 19% for matched control patients), and fatty liver disease (6.6% for surgical patients vs 0.6% for matched control patients). Surgical patients were less likely to be diagnosed with schizophrenia (1.8% for surgical patients vs 4.9% for matched control patients) or alcohol abuse disorders (3.9% for surgical patients vs 6.2% for matched control patients). Of 
Association Between Bariatric Surgery and Mortality in Matched Cohorts
At the end of the 14-year study period, there were a total of 263 deaths in the surgical group (n = 2500; mean follow-up, 6.9 years) and 1277 deaths in the matched control group (n = 7462; mean follow-up, 6.6 years). Kaplan-Meier estimated mortality rates were 2.4% at 1 year, 6.4% at 5 years, and 13.8% at 10 years for surgical patients; for matched controls, estimated mortality rates were 1.7% at 1 year, 10.4% at 5 years, and 23.9% at 10 years ( Figure) . In multivariable-adjusted Cox regression ( Table 2) , bariatric surgery was not associated with all-cause mortality in the first year of follow-up (HR, 1.28 [95% CI, 0.98-1.68]), but was associated with lower mortality after 1 to 5 years (HR, 0.45 Unadjusted Kaplan-Meier curves suggested that surgery was associated with lower mortality for patients with diabetes compared with those without diabetes (eFigure 3 in the Supplement) and for men compared with women (eFigure 4 in the Supplement). However, these interactions were not statistically significant in multivariable-adjusted Cox models (Table 3) .
Unadjusted Kaplan-Meier curves suggested that surgery was associated with lower long-term mortality for both super obese (BMI ≥50) patients and less obese (BMI <50) patients (eFigure 5 in the Supplement), and the interactions between super obesity and treatment were not statistically significant in multivariable-adjusted Cox models (Table 3) .
Discussion
Most observational evidence suggests that bariatric surgery is associated with improved survival among patients with severe obesity, [6] [7] [8] but previous research among veterans showed no significant relationship with survival. 9 This finding was contrary to the original hypothesis that severely obese veterans, often with multiple high-risk comorbid health conditions, would realize a survival benefit from bariatric surgery. 9 The unexpected result motivated us to re-examine these findings with 5 additional years of follow-up on the previously examined cohort and to expand the sample size with a more contemporary cohort (ie, 1653 additional surgical patients).
In these updated analyses, bariatric surgery was associated with a statistically significant reduction in all-cause mortality (HR, 0.47) relative to usual care after 5 years to 14 years of follow-up. This finding was consistent with several observational studies that examined lower-risk, predominantly female cohorts. [6] [7] [8] Notably, analyses suggested an association between bariatric surgery and greater risk of mortality in the first year of follow-up, although this was not statistically significant (HR, 1.28 [95% CI, 0.98-1.68]; P = .07).
In this study, we explored whether the association between bariatric surgery and mortality differed by period. Despite changes in patient selection and bariatric procedure types and increased use of laparoscopic procedures that have lowered operative and early postoperative risks over time, 11 we found similar associations with mortality in patients undergoing bariatric surgery in 2000-2005 and 2006-2011 after follow-up intervals of 1 year to 5 years and more than 5 years to 8 years. There was a significant (P = .03) interaction between period of surgery and mortality in the first year of followup, suggesting that earlier bariatric cases had a greater risk of operative and early postoperative mortality than more recent bariatric cases. We also found no significant difference in the association of bariatric surgery on mortality across groups defined by sex, diabetes diagnosis, and super obesity; however, future studies with larger samples and longer-term follow-up should seek to confirm these findings. Despite the nonsignificant interaction indicating a constant relative risk, it is possible that a greater absolute number of deaths are avoided among some subgroups that are at higher risk of death (eg, patients with diabetes). It is also possible that significant differences by sex and diabetes status will be observed with even longer follow-up of the cohort if the mortality curves continue to diverge (eFigure 3 and eFigure 4 in the Supplement). More research is needed to identify patient subgroups that receive the greatest survival benefit from bariatric surgery. This study has several limitations that must be acknowledged. These analyses cannot address unobserved confounding that may persist after matching because this was a retrospective, nonrandomized study design, and not a randomized trial. 31 Due to the observational design, the estimated HRs represent associations and not necessarily the causal effect of bariatric surgery on survival. In this study, comorbid health conditions were identified using ICD-9 diagnosis codes, which can be inaccurate and do not account for severity. Given sample size and statistical constraints related to the number of variables that could be accommodated in the matching process, we could not match on every available characteristic. This left some imbalances in other variables (Table 1 ; standardized differences greater than 10%) that were not part of our matching algorithm. Notably, these imbalances favored more comorbidity in the surgery group, which would generally be expected to bias the study against a survival benefit of surgery. We were unable to assess surgeon or institutional volume because most VA surgeons are affiliated with university hospitals and operate in both settings. Thus, any estimate of surgical volume that reflects only the VA bariatric cases is an 15% of the US adult population has a BMI of 35 or higher, and more than 6% is severely obese (BMI ≥40). 34 Compared with normal weight adults, those with a BMI of 35 or higher experience significantly greater all-cause mortality. 35 Yet, recent guidelines on the management of obesity have noted there is currently an outstanding need for evidence about the effects of behavioral, pharmacological, and surgical obesity treatments on long-term survival. 36, 37 Our current study contributes to an increasing body of observational evidence that bariatric surgery is associated with better long-term survival than usual care. [6] [7] [8] Only randomized clinical trials could provide more definitive evidence that bariatric surgery improves survival, but large-scale bariatric randomized controlled trials are extremely challenging to conduct, often have limited generalizability, and may be prohibitively expensive. 32, 33, 38 As a result, clinicians and patients have to rely on the available observational research to make informed decisions about the potential effect of bariatric surgery on survival. 5 
Conclusions
Among obese patients receiving care in the VA health system, those who underwent bariatric surgery, compared with matched control patients who did not have surgery, had lower all-cause mortality at 5 years and up to 10 years following the procedure. These results provide further evidence for the beneficial relationship between surgery and survival that has been demonstrated in younger, predominantly female populations.
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